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ABSTRACT 


Mass transportation has an important role in Indonesian society. The number of bus passengers for daily activities is 
quite high. This study carried out optimization of the roof bus frame with the constraints of the value of von Misses stress 
and deflection resulted from the simulation of it subjected by static loading. The material used for the roof of this medium 
bus is Stainless Steel 1.4003 which is a material that has low corrosion rate and high ultimate tensile strength. The 
optimization process carried out in this study is sizing optimization which is an optimization by increasing or decreasing 
the thickness of the pipe size in certain areas that have critical stress or deflection. The model of the roof was drawn 
using solid work software and then it was exported to Hyperwork Altair software for simulation purposes with the 


significant load of model. Stress and deflection resulted from simulation were used as constraints in sizing optimization to 


get the optimum thickness of roof bus frame that can reduce the overall mass of frame. As a result of optimization, there 


is a reduction of 10.49% mass of overall roof bus frame. 
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INTRODUCTION 


Public transportation plays an important role in supporting the economic activities of the people in Indonesia. 
Public transportation in Indonesia varies from buses, trains and ships. Buses are motorized vehicles that are very 
important mass transportation. Starting from inter-city to inter-provincial. The data from the Directorate General of 
Land Transportation shows that in 2016 there were 22,742 buses in Indonesia. There are 843 autobus companies in 
Indonesia in 2016. In maintaining the safety of bus passengers, bus companies in Indonesia always prioritize the 
comfort and safety of passengers in order to compete with one another. The design of a medium bus roof truss is 
very important in the bus manufacturing process. Especially for the safety of the driver and passengers. The roof 
frame of a medium bus is a vehicle component whose main function 1s to strengthen the construction of the vehicle 


body to be able to withstand vehicle loads and impact loads during a collision so as to protect passengers [1]. 


The transportation sector increase significantly to meet the needs of the global market. Buses are still the 
main mode of transportation between cities. This vehicle from the beginning of its development until now there 
have been many changes such as in the shape, dimensions, and the driving force used. Many buses today still uses 


diesel as a fuel, but changes have been made to start to use electrical buses. In the vehicle structure, it is important 
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to pay attention to minimize the overall weight load applied during the vehicle's operation, since it can reduce the fuel 
consumption[2]—[6]. However, the overall weight of the structure needs to be considered as light as possible. The roof is 
part of entire vehicles structures, therefore, if the mass of roof can be reduced, it means overall mass of vehicle can be 
reduced as well. In order to minimize the roof frame, it 1s necessary to reduce the thickness of some parts of the roof frame 
without reducing the level of safety. Therefore, the optimization process was applied to the bus roof frame. The 
optimization of other parts such as chassis and body of vehicles or overall vehicle structures have been carried out by many 
researchers[7], [8], [16], [16]-[24], [9], [25], [10], [10]-[15]. Finite element method was chosen for the reason of cheap 
cost and complexity of the object of optimization [11], [13], [16], [16], [17], [22], [24], [26], [27]. Several methods of 
optimization such as adaptive single object and multiple object genetic algorithms also were applied by some researchers 
[28]. Some researcher applied size optimization[8], [12], [14] and some researchers using topological optimization[10], 
[10], [11], [18], [20], [24] in effort to reduce the overall weight of vehicles. In this paper, size optimization will be used 


since it is more appropriate with the bus roof frame model. 
METHOD 


Model of roof bus frame was depicted in Figure |. It has 7584 mm of length and 2238 mm of width. The model has five 
main longitudinal members and ten cross members. Stress analysis simulation was done in order to get the value of stress 
and displacement that will be used as constraint for size optimization of roof bus frame. The information on the used 
material was displayed in Table 1. Statics load that was applied to the model define as mass of structure, mass of air 
conditioning system, sunroof and roof panel. Total mass is 410 kg. Constraints of the model was lying on the bottom of 


each pillars as fixed. Load and boundary condition shown in Figure 2. 





*Isometric 


Figure 1: Roof Bus Frame Model. 


Table 1: Material Properties of Roof Bus Frame 


Stainless Steel 
7700__| Kg/ms 
|Poissonratio | 38 | 


Yield Strenght 
Tensile Strenght 
Modulus Young 
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Figure 2: Load and Constraints of the Model. 
Meshing study was done to obtain the optimum number of elements that resulted accurate output of simulation. 


The convergence test of the displacement is displayed in Figure 3. According to data in Figure 3, the optimum number of 


elements is 300000, therefore this number of element will be used in all the simulations in this research. 
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Figure 3: Convergence Test for Displacement Simulation. 


In this study, the optimization of the bus roof truss structure uses a type of size optimization, where the thickness 
of the bus roof truss structure becomes a parameter in optimization. With the limits of maximum stress and maximum 


deflection from the results of the analysis of the static loading. 
RESULTS AND DISCUSSIONS 


Figure 4 and Figure 5 show the von Misses stress and displacement of roof bus frame subjected by static loading 
respectively. Maximum stress occurred at the end of cross member 4 connected with the longitudinal main member. The 


value of maximum von Misses stress is 112.022 MPa. 


www.Uprc.org editor @tjprc.org 


306 


Ojo Kurdi, [smoyo Haryanto, Djoeli Satrijo, Agus Suprihanto, Susilo Adi 
Widyanto, Yogi Adi Wijaya & Naufal Fatah 


1:4 
Subcase 5 (Bending Gaya Statik) : Static Analysis : Frame 0 


Contour Plot 
Element Stresses (2D & 3D)(vonMises, Max) 
Analysis system 


1.120E+02 
9.958E+01 
8.713E+01 
7.468E+01 
6.224E+01 
4.979E+01 
3.734E+01 

~ 2.490E+01 
1.245E+01 

| 2.163E-03 

a 

Max = 1.120E+02 

2D 2341657 

Min = 2.163E-03 

2D 2223030 


Static Max. Valué= 912.022 





Figure 4: Von Misses Stress Distribution of Roof Bus Frame Model. 


Meanwhile, the maximum deflection occurred at the middle of cross member 4 with the magnitude of 2.547 mm. 


The maximum von Misses stress and displacement value will be used as constrains value for the optimization process. 


be 
Subcase 5 (Bending Gaya Statik) : Static Analysis : Frame 0 


Contour Plot 

Displacement(Maq) 

Analysis system 
2.547E+00 
2.264E+00 
1.981E+00 

- 1.698E+00 

1.415E+00 
1.132E+00 
8.489E-01 
5.659E-01 
2.830E-01 

* 0.000E+00 

= 

Max = 2.547E+00 

Grids 1604044 


Min = 0,000E+00 
Grids 258363 





Figure 5: Displacement Distribution of Roof Bus Frame Model. 


Before running the optimization solver stage, it 1s necessary to set the upper and lower limit values for the 


optimization constraints. For constraint displacement, the upper limit value entered is 3 mm while the lower limit value is O 


mm. The upper and lower limit values for the displacement and stress constraints are displayed in Figure 6 and Figure 7 


respectively. For the stress constraint, the upper limit value entered is 150 MPa, while the lower limit value is 0 MPa. 
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Name Value 
Solver Keyword DCONSTR 
Name DISPLACEMENT_X 
ID 1 
Include [Master Model] 
Response (2) X_DISPLACEMENT 
List of Loadsteps 1 Loadsteps 
Lower Options <OFF> 
-Upper Options 


Upper Options Upper bound 
Upper Bound 3.0 
PROB 


Figure 6: Upper and Lower Limit Values on Constraint Displacement. 


Name Value 
Solver Keyword DCONSTR 
Name STRESS 
ID 3 
Include [Master Model] 
Response (4) STRESS 
List of Loadsteps 1 Loadsteps 
Lower Options <OFF> 

'- Upper Options 


Upper Options Upper bound 
Upper Bound 150.0 
PROB 


Figure 7: Upper and Lower Limit Values on Constraint Stress. 


The following is an explanation of the optimization carried out in this study. For optimization 1 and 2 using 
continuous design variables. The results of the continuous design variable, the thickness number of the optimization results 
is random according to the specified range. In optimization | using 86 optimization parts and optimization 2 using 8 
optimization blocks. Therefore optimization 1 will produce 86 optimization results measures and optimization 2 will 
produce 8 optimization results sizes. 8 blocks are selected based on structures that have similar geometries and sizes. 
Optimization 3 and 4 is the same as optimization 1 and 2. The difference is just that optimization 3 and 4 use a discrete 
design variable so that the results of the optimization will be in accordance with the size value that has been entered so that 
it is easier to implement in the industry. The thickness range used in continuous design variables is 1-3 mm, while for 
discrete design variables using the same range, namely 1-3mm, but adding a discrete value, namely: :1 1.2 1.5 1.8 2 2.1 2.3 


2.5 2.7 2.8 (according to the size of the pipe in the industry) 


The optimization process resulted in changes of thickness of several group of part of roof bus frame. Figure 8 
shows the change of thickness in overall of frame of optimization 2 iteration 4. The value of thickness represented by the 


colour in the legend of the figure. 





Figure 8: The Change of Thickness Member after the Optimization. 
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The overall result of 4 optimizations were shown in Table 2. Based on data in Table 2, the minimum overall mass 
was shown by optimization |. The mass decrease from 427.2 Kg to 382.4 Kg, it resulted in decreasing about 10.486 %. 
This reduction of mass affects the performance of vehicles such as reducing fuel consumption and also the improvement of 


aerodynamic performance. 


Table 10: Result of Optimization 


Initial Design | Optimization 1 | Optimization 2 | Optimization 3 | Optimization 4 
Displacement (Mm) 2.547 2.692 2.598 2.678 2.567 
Stress (Mpa) 112.002 112.301 112.198 112.275 112.134 


Mass (Kg) 427.2 382.4 384.5 388.5 
Safety Factor 2.9196 2.9118 2.9145 2.9125 2.9162 





CONCLUSIONS 


The static simulation and optimization of the roof bus frame has been completed successfully using packaged software. 
The static simulation resulted in von Misses stress and displacement that already used as constraints to minimize the mass 
of the roof bus frame. The optimizations reduce the thickness of some roof bus frame’s member that resulted the 
decreasing mass of the roof frame by 10.486 %. The mass reduction of the bus roof frame is expected to improve the 


overall bus performance. 
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